Agonist-induced changes in the structure of the acetylcholine receptor M2 regions revealed by photoincorporation of an uncharged nicotinic noncompetitive antagonist.
To characterize structural changes induced in the nicotinic acetylcholine receptor (AChR) by agonists, we have mapped the sites of photoincorporation of the cholinergic noncompetitive antagonist 3-(trifluoromethyl)-3-(m-[125I]iodophenyl)diazirine (]125I]TID) in the presence and absence of 50 microM carbamylcholine. [125I]TID binds to the AChR with similar affinity under both these conditions, but agonist inhibits photoincorporation into all subunits by greater than 75% (White, B. H., Howard, S., Cohen, S. G., and Cohen, J. B. (1991) J. Biol. Chem. 266, 21595-21607). [125I]TID-labeled sites on the beta- and delta-subunits were identified by amino-terminal sequencing of both cyanogen bromide (CNBr) and tryptic fragments purified by Tricine sodium dodecyl sulfate-polyacrylamide gel electrophoresis followed by reversed-phase high-performance liquid chromatography. In the absence of agonist, [125I]TID specifically labels homologous aliphatic residues (beta L-257, delta L-265, beta V-261, and delta V-269) in the M2 region of both subunits. In the presence of agonist, labeling of these residues is reduced approximately 90%, and the distribution of labeled residues is broadened to include a homologous set of serine residues at the amino terminus of M2. In the beta-subunit residues beta S-250, beta S-254, beta L-257, and beta V-261 are all labeled in the presence of carbamylcholine. This pattern of labeling supports an alpha-helical model for M2 with the labeled face forming the ion channel lumen. The observed redistribution of label in the resting and desensitized states provides the first direct evidence for an agonist-dependent rearrangement of the M2 helices. The efficient labeling of the resting state channel in a region capable of structural change also suggests a plausible model for AChR gating in which the aliphatic residues labeled by [125I]TID form a permeability barrier to the passage of ions. We also report increased labeling of the M1 region of the delta-subunit in the presence of agonist.